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Ecology and control of vertebrate and invertebrate pests of grass and forage
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Abstract: To identify the main climatic factors from 2007 to 2009 that influence biomass and rodent distribution, 576 fixed sample plots within 81 million km2 of different climatic grassland in Tibet were monitored.
The aboveground biomass, the total burrows, the active burrows, the burrow index, and the rodent density in
the plots were measured yearly in October. The monthly precipitation and the average temperatures from
April to November were obtained for four successive years (2006-2009). Correlative and modelling analyses
between the aboveground biomass, the rodent density, and the climatic factors were performed. The results
showed that biomass and rodent density were significantly correlated with the climatic factors. Using ridge
regression analyses, models of the biomass and rodent density with respect to the monthly precipitations and
average temperatures of the previous year were developed. The raw testing data demonstrated that the models
can be used approximately to predict biomass and rodent density.
Keywords: Climatic effects, biomass, rodent distribution, model analyses, Tibetan grassland.

Introduction
The Tibetan plateau is the highest plateau in the world and
an important part of the global terrestrial ecosystem on the
Eurasian continent. As an ecological shelter for the economically developed eastern and central regions in China,
grassland has been shown to modify the global climate and
to influence the plateau area (Wang et al. 2011). Therefore,
the protection of grassland from degradation and desertification, which is a process accelerated by rodents,
particularly Ochotona curzoniae, that have inhabited these
© 2013 Proceedings of the 22nd International Grassland Congress

areas over the last two decades, is a serious problem (CangJue-Zuo-Ma et al. 2010). However, this rodent was determined to respond to the geological and climatic factors in
the Tibetan Plateau (Fan et al. 2011). Although there have
been several ecological studies on the relationship between
this rodent and the climatic factors in grassland (Davidson
and Lightfoot 2008; Yoshihara et al. 2009), studies that
focus on the fragile Tibetan grassland ecosystem are limited. In this study, we used data collected over four
successive years at a natural Tibetan grassland region to
determine the influence of climatic factors on the rodent
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density and grassland biomass. In addition, we developed
models that correlated the measured climatic factors with
the rodent density and biomass to predict and monitor the
grassland-dwelling rodent distribution and biomass.

Methods
Study site
Our investigations were conducted in the Tibetan Autonomous Region of China. All of the sampling sites were
located in six prefectures of Tibet (26°34′ to 32°9′N and
83°10′ to 97°17′E) at an average altitude of 4100 m above
sea level and with a mean annual precipitation of 150 to
610 mm.

Data collection
A total of 576 fixed sample plots within 81 million km2 of
different climatic alpine grassland located in six prefectures
of Tibet were monitored. The geographic coordinates, including the altitude (denoted X1), latitude, (X2) and
longitude (X3), of the plots were recorded in a database.
The area of each plot was 667 m2 (25 m × 26.7 m). The
aboveground biomass (Y5), the total burrows (Y1), the active burrows (Y2 ), and the rodent density (Y4) in the plots
were measured yearly in October. To estimate the relative
rodent density, the rodent population was measured as a
percentage of the active burrows 24 hours after the burrows
in the plots were plugged. The rodents in the plots were
trapped to obtain the burrow index (Y3). The climatic factors, which included the monthly precipitations (X12
through X19) and the average temperatures (X4 through X11)
from April to November in four successive years (20062009), were obtained from the Meteorological Working
Station of the Tibetan Autonomous Region. The combined
four-year data consisted of a total of 866 records in the database, in which Y1 through Y5 corresponded to the
climatic data of the previous year.

Statistics and analysis method
Both the separate and the combined analyses of the four
years provided important information. Correlative and
modelling analyses of the aboveground biomass, the rodent
density, and the climatic factors were performed. The Pearson correlation coefficients between Y1 through Y5 and the
climatic factors were calculated. The database was split
into two sets: the odd-numbered records were composed of
the training data (N = 433) and the even-numbered records
were used for testing (N = 433). Ridge regression analyses
were performed with the training data. The resultant ridge
regression models were investigated through linear regression with the testing data. The ridge trace and scatter plots
were subsequently plotted. These analyses and plotting
procedures were performed using the SAS software (Version 8.2; (SAS-Institute-Inc 1988). The ridge regression
and multiple regression analyses were used to avoid the
high intercorrelation and multicollinearity between the
variables (Chatterjee and Price 1977; Lattin et al. 2003).
Several procedures have been proposed for the selection of
the variable k in ridge regression analysis, but the optimal
value of k cannot be determined with certainty (Chatterjee
and Price 1977). The training data were transformed in
Visio FoxPro using the natural logarithm. This transforma© 2013 Proceedings of the 22nd International Grassland Congress

tion produced better statistical properties and did not
ence the essential mathematical relationships between the
variables (Lattin et al. 2003).
We first defined the following variables: S = ln Y and
Ci = ln Xi for i = 1 through 12. The variables (S and C1
through C12) were then used for the ridge regression analyses (Chatterjee and Price 1977) using the following ridge
regression model:

S = Cβ + u ........................................................(1)

where S is an n × 1 vector of the observations of one response variable, C is an n × p matrix of the observations of
p explanatory variables, ß is the p × 1 vector of the regression coefficients, and u is an n × 1 vector of the residuals
that satisfy E (ū) = Ċ and E (uu′) = δ2 I. It is assumed that C
and S are scaled such that C′C and S′S are matrices of the
correlation coefficients. Here, n = 433, and p = 12. Thus,
12

ln Y = (∑ ln Yi ) β + u ………..........................(2)
i =1

The logarithmic model (2) above was transformed to yield
the following exponential function:
12

Y = eα ⋅ ∏ (Yi β ) ..............................................(3)
i =1

where α and β are constants.
Equation (3) was used to estimate the Y of all 433
samples. This estimate was denoted Yestimated. The actual
values (testing data) were denoted Yactual. A general linear
regression model was used to compare Yactual with Yestimated.
An analysis of variance was used to assess the dependent
variable Yactual with respect to the parameter estimates of
Yestimated. The linear regression model is the following:

Yactual = β + k ⋅ Yestimated …………......……….. (4)
Using Equation (4), the model was adjusted to obtain
the following model:
i

Y = β + k ⋅ eα ⋅ ∏ ( X i β ) ....................................(5)
i =1

In addition, the ridge trace and appropriate scatter plots
were graphed. The analyses and graphical procedures
specified above were all performed using the SAS software
(Version 8.2; SAS Institute Inc 1988).

Results and Discussion
With the exception of Y1 with X1 or Y3, all of the variables
were correlated (Table 1). The rodent density (Y4) was
negatively correlated with the monthly average temperatures from April to November (X4 through X11) of the
previous year and with the monthly precipitations from
April to November (X12 through X19) of the previous year
(Table 2). The biomass (Y5) was correlated with the
monthly average temperatures from April to November of
the previous year (X4 through X11), with the exception of
the temperatures in April and June, and the monthly precipitations from April to November of the previous year
(X12 through X19 ), with the exception of the precipitation in
July and August (Table 2). This result was in complete
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Table 1. Pearson correlation coefficients of Y1-Y5 and the geographic coordinates (X1-X3)
X1
X2
X3
Y1
Y2
Y3
Y4

X2
0.469***
1.000

X3
-0.227***
0.165***
1.000

Y1
-0.018
-0.080*
-0.365***
1.000

Y2
0.275***
0.195***
-0.340***
0.599***
1.000

Y3
0.275***
0.218***
-0.172***
0.025
0.606***
1.000

Y4
0.251***
0.169***
-0.402***
0.660***
0.962***
0.613***
1.000

Y5
0.190***
0.230***
0.624***
-0.543***
-0.408***
-0.190***
-0.494***

F-values are presented along with their statistical differences: * P <0.05, ** P <0.01, *** P <0.0001. N=866
X1-X3, Y1-Y5 present altitude, latitude, longitude, total hole, active hole, hole rate, rodent density and biomass, respectively.

Table 2. Pearson correlation coefficients of Y1-Y5 and their last year’s monthly average temperatures (X4-X11) and
precipitations of April to November (X12-X19)
Apr
May
Monthly average temperature
Y1
-0.019
-0.018
Y2
-0.284***
-0.288***
Y3
-0.291***
-0.284***
Y4
-0.248***
-0.251***
Y5
0.051
0.073*
Monthly precipitaion
Y1
-0.392***
-0.305***
Y2
-0.285***
-0.123**
Y3
0.001
-0.015
Y4
-0.340***
-0.202**
Y5
0.647***
0.667***

Jun

Jul

Aug

Sep

Oct

Nov

0.098**
-0.153***
-0.199***
-0.111***
-0.050

0.035
-0.091**
-0.081*
-0.070*
0.114**

-0.003
-0.078*
-0.038
-0.065
0.196***

0.023
-0.130***
-0.118**
-0.106**
0.078*

-0.128**
-0.287***
-0.183***
-0.272***
0.264***

-0.151***
-0.373***
-0.280***
-0.366***
0.284***

-0.116**
-0.401***
-0.475***
-0.403***
0.198***

-0.040
-0.314***
-0.383***
-0.270***
-0.162***

0.141***
-0.053
-0.177***
-0.107
-0.465***

-0.296***
-0.277***
-0.145***
-0.319***
0.636***

-0.292***
-0.233***
-0.187***
-0.279***
0.410***

-0.305***
-0.212***
0 0.031
-0.245***
0.264***

F-values are presented along with their statistical differences: * P <0.05, ** P <0.01, *** P <0.0001. N=866. Y1-Y5 present total hole, active hole,
hole rate, rodent density and biomass, respectively.

Figure 1. Ridge traces of standard partial regression coefficients for increasing values of k for the climatic factors
(X4-X19) with rodent density (Y4, A and B) and biomass (Y 5, C and D) and the range regression models, respectively

Figure 2. Scatter plot to fit the regression line of actual (testing data) and estimated Y4 and Y5, respectively. Yest were
estimated by the range models.
agreement with findings reported in the literature (Yarnell
et al. 2007; Sun et al. 2008). The values of Y4, Y5, and the
climatic factors X4 through X19 significantly differed
throughout the four years. It had been previously suggested
that the value of k of the ridge regression should be determined from ridge traces in which k is selected from a stable
set of regression coefficients (Chatterjee and Price 1977;
Lattin et al. 2003). Figure 1 shows the standard ridge traces
© 2013 Proceedings of the 22nd International Grassland Congress

and the models for Y4 and Y5. For various values of k
(from 0 to 1), the curves of X4 through X19 were stable and
asymptotically parallel to the horizontal axis. When the
values of k were 0.6 or 0.7, the ridge regression models
were obtained using the method developed by Chatterjee

and Price (1977). The resultant R2 of ridge regression

models are shown in Figure 1. The intersections between
the ridge lines indicate that the factors exhibit multi-
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collinearity (Fig. 1) partly due to the differences in the climate between the different years (Yarnell et al. 2007). The
scatter plots showed that the exponential models were significant at a 95% confidence limit (Fig. 2). These findings
suggest that the new models can be used to more accurately
predict the values of Y4 and Y5 based on the values of Y1,
Y2, X2, X3, and the climatic factors X4 through X19 from the
previous year.

Conclusions
The biomass and rodent density were significantly correlated with the climatic factors. Using ridge regression
analyses, models of the biomass and rodent density with
respect to the monthly precipitations and average temperatures of the previous year were developed. The raw testing
data demonstrated that the models can be used approximately to predict the biomass and rodent density.
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